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Motor tDCS in patients with 
Disorders of Consciousness
Movement & Cognition International Conference
Harvard Medical School 27-29 July 2018
Severe brain injury
 Traumatic etiologies (TBI - e.g., car accident, fall, 
gunshot,…)




?? Unknown ??                          
Other Medical Care or No Care
25 000
Deaths
2 175 000                         
Emergency Department Visits
Annual incidence 





Bodart, Gosseries & Laureys, Semin Neurol, 2013
Disorders of Consciousness




2 electrodes (or more) 
Weak electrical current (1-2mA)
 Membrane polarization
Anode:     excitability 
Cathode:    excitability       
 Long term effects 
Neural excitability & plasticity (LTP-LTD)                               




transcranial Direct Current Stimulation - tDCS
Nitsche et al., J Physiol 2000





 No severe adverse effects
 Modulates spontaneous neuronal activity
 Inexpensive
 Reliable sham condition (for research)
 Easy to administer ( clinical translation)
Why tDCS in DoC?
tDCS single session
• Randomized, double blind, sham controlled, cross-over study
• Single stimulation – 2 mA; 20 min
• Prefrontal stimulation
• Coma Recovery Scale-R (CRS-R) 
• 55 patients included (43±18y)   
25 VS/UWS & 30 MCS
35 chronic (>3m) & 20 acute




Thibaut et al., Neurology, 2014
Stimulating 
electrode
MCS (n=30) UWS (n=25)
Treatment effect in MCS – no improvement in UWS/VS
* p<0.05
Thibaut et al., Neurology, 2014





















































• 15/55 responders (13 MCS – 5 chronic; 2 UWS)
• Change of diagnosis: 3 MCS  EMCS; 2 UWS  MCS 
Thibaut et al., Neurology, 2014
tDCS single session
SUBSCALES RECOVERY PATIENTS (n)
AUDITORY Systematic command following 1
Reproducible command following 4
Localization to sounds 1
VISUAL Object recognition 2
Object localization 1
Visual pursuit 5
MOTOR Functional use of object 1
Automatic motor reaction 2
Object manipulation 3
OROMOTOR Vocalisation 3
COMMUNICATION Functional communication 2
AROUSAL Without stimulation 2
How to improve tDCS effects?
<50% showed clinical improvement & effect did not last
Responders versus non-responders
Comparing brain metabolism and gray matter atrophy in responders versus 
non-responders
Duration of the effects
Increasing the number of sessions 




Can tDCS be used in clinical setting?
Translational study 
Targeting other areas? 
Motor cortex: common




 Improve behavioral responsiveness
Kalmar & Giacino, 2004
Targeting other areas? 
Motor cortex stimulation
• Randomized, double blind, sham controlled, cross-over study
• Single stimulation – 2 mA; 20 min (active and sham)
• Motor cortex stimulation (C3 or C4)
• Coma Recovery Scale-R (CRS-R) 
• 10 patients included (49±22y)   
4 VS/UWS & 6 MCS
4 chronic (>3m) & 6 acute
5 TBI & 5 nTBI
www.neuroelectrics.com Martens et al., in prep
Targeting other areas? 
Motor cortex stimulation
• Group level: no significant improvement (p=0.55; ES=0.10)
• Limitations 
– single session
– small sample size
– confounding factors (spasticity, flaccidity,…)
• Single-subject level: ?
Martens et al., in prep
Motor cortex stimulation
Martens et al., in prep
Martens et al., in prep
?
« sham responders »
MCS
Motor cortex stimulation
Thibaut et al., Brain Stimulation, accepted 
• 67yo woman in UWS for 4 years after a subarachnoid hemorrhage
• Out of 8 standardized CRS-R she showed 1 localization to pain
• She demonstrated reproducible response to command only after tDCS 
• Neuroimaging exams were consistent with the diagnosis of MCS* 
 tDCS may facilitate motor execution of the command 
when cognitive functions are preserved











Prefrontal tDCS               
best area to target
Thibaut et al, 2014, 2017
Huang et al, 2017





 Prefrontal tDCS  reproducible clinical improvements 
 Motor tDCS  effects less remarkable
 Patients with cognitive-motor dissociation may benefit from
tDCS
Next?
• Neurophysiological correlates of tDCS






Subject BL real Auditive Visual Motor Verbal
Commu
nication Arousal Post real Auditive Visual Motor Verbal
Commu
nication Arousal
1 4 1 0 0 1 0 2 4 1 0 0 1 0 2
2 20 3 4 6 3 1 3 20 3 4 6 3 1 3
3 6 0 1 3 1 0 1 7 0 1 3 1 0 2
4 7 0 3 1 1 0 2 7 0 3 1 1 0 2
5 2 0 0 0 1 0 1 2 0 0 0 1 0 1
6 9 1 3 1 1 1 2 9 1 3 1 1 1 2
7 18 3 3 5 3 1 3 18 3 3 5 3 1 3
8 8 1 3 1 1 0 2 11 1 4 2 2 0 2
9 6 1 1 1 1 0 2 7 1 3 1 1 0 1
10 4 0 0 2 1 0 1 4 0 0 2 1 0 1




sham Auditive Visual Motor Verbal
Commu
nication Arousal
4 1 0 0 1 0 2 4 1 0 0 1 0 2
18 3 3 5 3 1 3 22 4 5 6 3 1 3
4 0 0 1 1 0 2 7 3 1 1 0 0 2
6 0 1 2 1 0 2 9 0 3 3 1 0 2
2 0 0 0 1 0 1 2 0 0 0 1 0 1
13 1 3 5 1 1 2 8 1 3 1 1 0 2
15 3 3 4 3 0 2 17 3 3 4 3 1 3
8 1 3 1 1 0 2 7 1 2 1 1 0 2
5 1 1 1 1 0 1 7 2 1 1 1 0 2
4 0 0 2 1 0 1 4 0 0 2 1 0 1
Real
Sham
8 tDCS responders          
13 tDCS non-responders 
Grey matter atrophy – VBMBrain metabolism – PET-scan
Thibaut et al., Brain Stimulation, 2015
More atrophic in responders
More atrophic in non-responders
Overlapping
tDCS response
Precuneus: critical hub for consciousness
Anode: posterior parietal cortex 
Cathode: right SOR
2mA; 20min
5 tDCS sessions 





Huang et al, Bain Stimulation, 2017
tDCS – Precuneus
tDCS – Precuneus
33 MCS >3 months post-insult
(57±11y; 20 TBI) 
9 responders (27%)
Sub-acute > chronic
No effect at 5d follow-up 
Effect size : 0.31
tDCS
shamHuang, … Thibaut, Bain Stimulation, 2017
Prefrontal tDCS better than posterior parietal tDCS?
Giacino, Fins, Laureys, Schiff, Nature Rev Neurol 2014
PPC
DLPFC





Thibaut et al., J Rehab Med, 2011
Frontoparietal network 
External consciousness network



















46 patients (23MCS, 17UWS, 6EMCS; 22TBI, 24nTBI; >1month)
4 anodes and 4 cathodes – 1mA; 20min
Single stimulation – active & sham
CRS-R & EEG
• No side-effects
• 5 responders:  all MCS TBI
• Group level: no effect behavioral 
effects
 inter-hemispheric competition?
 1mA per electrodes not enough?






anodes                   cathodes 
Measure of complexity (LWZ)
 more structure in the data following tDCS? 
Fronto-parietal multichannels tDCS
Measure of complexity: LZW estimation per band and electrode 
Percentage of change = (Post_LZW – Pre_LZW)/Pre_LZW*100 %)
Alpha Delta
LZW significantly decreases with tDCS under anodes, indicating that 
complexity decreases with tDCS in these bands 




anodes                    cathodes anodes                   cathodes 
Clinical translation
• Feasibility of tDCS for daily use
• By relatives/caregivers









CRS-R CRS-R CRS-R CRS-R
Sham/real 
tDCS 4 w
Martens et al., Brain Stimulation 2018




































p=0.052 – d=0.46 ns 
real            sham real            sham
Post tDCS 8 weeks follow-up
Clinical translation
Martens et al., Brain Stimulation 2018
22 patients received at least 80% of tDCS sessions



































real             shamreal            sham
p=0.059p=0.042 – d=0.56
Post tDCS 8 weeks follow-up
Clinical translation
Martens et al., Brain Stimulation 2018
tDCS to unveil covert 
consciousness
Assessments :









4 - Consistent Movement to 
Command*
3 - Reproducible Movement to 
Command*
X
2 - Localization to Sound
1 - Auditory Startle X X X X X X 
0 - None X X X X
VISUAL FUNCTION SCALE
5 - Object Recognition*
4 - Object Localization: Reaching*
3 - Pursuit Eye Movements*
2 - Fixation*
1 - Visual Startle X X X X X X X X X X
0 - None X
MOTOR FUNCTION SCALE
6 - Functional Object Use
5 - Automatic Motor Response*
4 - Object Manipulation*
3 - Localization to Noxious Stimulation*
X
2 - Flexion Withdrawal X X X X X X X
1 - Abnormal Posturing X X X
0 - None/Flaccid
OROMOTOR/VERBAL FUNCTION SCALE
3 - Intelligible Verbalization*
2 - Vocalization/Oral Movement X X X
1 - Oral Reflexive Movement X X X X X X X
0 - None X
COMMUNICATION SCALE
2 - Functional:  Accurate
1 - Non-Functional:  Intentional*
0 - None X X X X X X X X X X X
AROUSAL SCALE
2 - Eye Opening w/o Stimulation X X X
1 - Eye Opening with Stimulation X X X X X X X X
0 - Unarousable
TOTAL SCORE 5 6 6 7 4 5 6 6 9 6 6
